Abstract
Introduction
During recent years, the use of games has diffused into a variety of areas of everyday life. This development is generally referred to as "gamification" [17] [22] [23] [25] [27] [39] . In the educational context, also another concept, "game-based learning" (GBL) [44] [48] [55] ), has been established. GBL comprises several approaches to integrating games into teaching and learning. It is most commonly associated with learning games that use "the characteristics of video and computer games to create engaging and immersive learning experiences for delivering specified learning goals, outcomes and experiences" [15] . However, in addition to using these professionally developed learning games that have specific didactic goals, GBL also entails bringing commercial games into the classroom for educational purposes as well as having students design and build their own games [55] .
The aim of these developments in educational context is to promote student engagement and consequently positively influence learning outcomes (e.g., [18] [48] [57] ). Recent reviews on empirical studies do indeed indicate that there are positive outcomes to be had from gamification and GBL [14] [24] . While game-based technologies are increasingly applied in several areas and games have become one of the main veins of entertainment culture, GBL technologies have been adopted relatively slowly.
Therefore, in this paper we investigate the determinants of adoption and perceived value of GBL among Finnish primary and secondary school teachers via a questionnaire (n=1668). In particular, we focus on how teacher-specific (ICT self-efficacy, ICT attitude, and openness towards ICT) and organizational factors (supportive organizational ICT culture, ICT compatibility with teaching) predict perceived GBL value and GBL adoption.
Theory and hypotheses
Thus far teacher adoption of technologies has been investigated from a variety of perspectives, such as the goals of the teachers [58] , complexity of the technology [3] , teacher attitudes [2] , educational ideologies [34] , an ecological perspective [59] , and general technology acceptance (see [49] ). However, research on teacher acceptance has shown great variability in results depending on context, technology and types of users (see e.g. [49] ). Therefore, peering more deeply into the results in the literature on GBL adoption is important.
The body of research on teachers' views on the use and value of games in the classroom is rapidly expanding but it has been lacking results that are based on large data sets ( [29] [32] -particularly ones that focus on in-service teachers from across different educational levels. Many studies have collected their data from pre-service teachers (e.g. [31] [32] [33] ), focused on teachers of a certain educational level [9] , and limited their scope either on a certain subgroup of games (e.g., commercial games [9] ) or virtual worlds rather than games [31] [33] . In our study, we address in-service teachers of both primary and secondary school, and we adopt a broad view on GBL, encompassing learning games, commercial games, and game-making [55] but making a distinction between games and virtual worlds.
Although GBL technologies seem to improve learning outcomes (e.g., [14] [24]), teacher adoption of these applications still faces resistance [7] [16] [33] . The resistance has been mostly attributed to insufficient resources in terms of time and technology as well as teachers' lack of competence and self-efficacy with respect to feasible ways of using GBL technologies (e.g., [7] [12] [57] ). The latter point is related to the notion that games are often still merely associated with play and entertainment while their compatibility with teaching is disregarded -especially by those who have no personal gaming experience and might therefore be less open to experimenting with GBL [12] [16] [57] .
Most earlier studies (e.g. [9] [50]) have measured use intention towards different teaching technologies. However, teachers are not always in an autonomous position to adopt these technologies even though they would perceive them as valuable. While we expect value and actual use to be closely related, real-life school contexts present a variety of external factors that either push or restrict the use of certain products (including games). Earlier research suggests that teachers consider external factors to be the primary barrier for technology integration [19] . Therefore, the perceived value of games in education and the extent to which they are actually used by teachers should be examined as two separate constructs.
Value and Use of GBL
As pointed out above, using games for learning is still not a very widespread practice among teachers although teachers typically have more say in the choice of the technologies they use in their work than people in many other occupations [50] . This underscores the importance of understanding the reasons behind the use or non-use of different technologies, such as games, in the classroom. Therefore, we examine the factors that influence whether teachers have introduced GBL into their teaching. We also examine the factors influencing teachers' perceived value of GBL. We define the value to consist of how useful the use of games is perceived to be from the perspective of learning goals and to what extent it is experienced as motivating and engaging [14] [18] [55] [57] . Teachers' intention to use games in their teaching has been found to be profoundly influenced by the degree to which they perceive games as valuable and useful for both learning and productivity [9] . We can hypothesize that:
H1:
The perceived value of GBL is positively associated with the use of GBL technology.
The integration of information and communications technology (ICT) into pedagogy in ways that support learning goals is one of the elements of innovative teaching [47] . The adoption of GBL in a meaningful way can be seen as one example of such innovative, ICT-supported teaching, and it can be hypothesized to require certain characteristics and circumstances. These may include such aspects as willingness to explore such an unfamiliar territory, trust in one's own pedagogical and technological competences and abilities, openness to new solutions, as well as an environment that supports and encourages innovative efforts. In the following, we define our core concepts and hypotheses (see Figure 1 ) related to the factors influencing the adoption of GBL.
Openness towards ICT
Teachers who use ICT in their teaching the most extensively are typically highly motivated to learn and do not consider it a burden when new technological tools are brought into the classroom [41] . Many studies have included the concept of personal innovativeness in the domain of information technology; i.e., a person's willingness to try out any new information technology [1] , in their models of technology acceptance. This construct has been shown to play a significant role in technology adoption for pedagogical purposes [28] [36] [40] [53] .
In general, games are still considered somewhat of a new and radical form of information technology, which is why it might be difficult for teachers to understand what they are good for, which probably also hinders their adoption (see e.g. [9] ). The fact that much of the early research on games focused on their negative impacts (see [14] ) may also still cause some concerns about their benefits. Furthermore, games are constantly changing, evolving, and making use of the newest technological advancements, which means that staying on top of what is taking place in the field of gaming requires willingness to explore and experiment [9] . Therefore, a teacher's inclination to experiment with new types of ICT-based tools and practices can be assumed to correlate with her/his willingness to try GBL as well [11] . We hypothesize that:
H2a: Teachers' openness towards ICT is positively associated with the perceived value of GBL.
H2b: Teachers' openness towards ICT is positively associated with the use of GBL technology.
Supportive organizational ICT culture
The results of the international Innovative Teaching and Learning Research (ITL) study [47] show that innovative teaching flourishes in such school environments where there is a collaborative and supportive overall culture particularly in terms of 1) peer support and sharing, 2) teachers' direct involvement in practicing new teaching methods, and 3) a common vision that encourages novel approaches. Such contextual factors can affect teachers' pedagogical use of ICT [38] .
In the case of GBL, social influences have been shown to affect teachers' perceptions of both the usefulness of games for their own work and the learning opportunities that games can provide for their students [9] . Several other studies also emphasize the supportive and encouraging role of the local setting in making the use of games, or other technological interventions, a sustainable classroom practice [8] H3a: Supportive organizational ICT culture is positively associated with teachers' perceived value of GBL.
H3b: Supportive organizational ICT culture is positively associated with the teachers' use of GBL technology.
Educational ICT self-efficacy
Among the personal factors influencing teachers' pedagogical use of ICT are their general technical competences as well as their competences in using ICT specifically for pedagogical purposes [38] . The competence aspect is often studied through the concept of self-efficacy, referring to the extent to which an individual believes he/she is able to perform certain actions to achieve specific goals [5] .
There is plenty of evidence that having a positive judgment on one's abilities affects the adoption of ICT-based tools and practices in teaching. Firstly, teachers' perceptions of their ability to use computers (i.e., computer self-efficacy) can have an effect on the perceived usefulness and the perceived ease of use of technology, thereby influencing the acceptance of technology [50] . There are also indications that teachers' technology acceptance might be influenced more by their perceived competences related to using a specific technology (i.e., technology self-efficacy) than their perceived competences in using computers in general [26] . For example, a large proportion of teachers completely lack any experience in gaming, which contributes to hindering the use of games in schools [57] . Furthermore, teachers who have positive beliefs in their overall abilities to carry out actions that lead to student learning (i.e., personal teaching efficacy) have more positive attitudes towards adopting new instructional innovations and practices [21] . In the SITES 2006 study, teachers' pedagogical ICT competence was the most significant teacher-related factor influencing the adoption of ICT in education [37] . In the context of this study we hypothesize that: H4a: Teachers' educational ICT self-efficacy is positively associated with the perceived value of GBL.
H4b: Teachers' educational ICT self-efficacy is positively associated with the use of GBL technology.
Attitude towards ICT
Teachers' attitudes towards technology are one of the strongest determinants of the adoption of ICTbased educational tools and practices [44] [51][52] [54] . Attitudes are also closely related to teachers' perceptions and beliefs about the extent to which they see ICT as useful and free of effort [50] [51] . The role of attitude is especially important with regard to the sustainability of ICT-based pedagogical practices, as positive feelings towards technology are likely to lead to continued use of ICT [50] . In the context of GBL, we can hypothesize that teachers' attitudes towards using technology affect their views on games as well.
H5a:
Teachers' positive attitude towards ICT is positively associated with the perceived value of GBL.
H5b: Teachers' positive attitude towards ICT is positively associated with the use of GBL technology.
Compatibility of ICT with teaching
Another factor playing a role in the adoption of new innovations in education is whether they are seen by teachers as practical, compatible with their goals and rationales for using them, and congruent with their present practices and pedagogical beliefs [21] [33] [37] . In the context of integrating digital games into formal education, teachers' experience and the curriculumrelatedness of the games are particularly crucial in the adoption process [16] . The extent to which teachers consider games to have potential for providing learning opportunities for their students is an important underlying determinant of the adoption of GBL [9] [16] . It has been found that teachers' acceptance of technology is influenced also by their perceptions of how useful technology is from the perspective of their own productivity and job performance [50] [51] [52] . Therefore, we hypothesize that compatibility with teaching (i.e., underlying beliefs, practices, and goals) influences the adoption of games.
H6a:
The perceived compatibility of ICT with teaching methods is positively associated with perceived value of GBL.
H6b: The perceived compatibility of ICT with teaching methods is positively associated with the use of GBL technology.
Demographic control variables
In addition to the variables described above, we will examine the relationship between demographic variables (age and gender) and the dependent variables with the main purpose of controlling their effects.
2.7.1 Gender. Gender differences have been one topic of interest in the research on technology adoption. Tondeur et al. [53] have found that male teachers integrate ICT in their teaching more often than female teachers when the computer is used as a tool for researching and processing information -which they characterize as the most innovative type of computer use in educational tasks. They suggest that the gender difference in this type of computer use might be related to men being more eager to adopt less familiar computer applications [53] . In their study of parental acceptance of GBL, Bourgonjon et al. [11] discovered that gender differences in experience with games were mediated through innovativeness, which further suggests that males' willingness to adopt games is related to games being a less typical and familiar type of software. A somewhat larger proportion of male than of female teachers have reported playing games for leisure; this could also be reflected in the choices they make with regard to their teaching practices [57] .
Age.
The effect of age on how teachers use technology has been somewhat ambiguous. In the SITES 2006 study, age was not found to have a significant influence on teachers' use of ICT in education according to the international results [37] , but the Finnish results showed that over 50-year-old teachers used less ICT than others [30] . Inan and Lowther [28] found that while age had no significant direct effect on technology integration in the classroom, it influenced technology integration indirectly, mediated by computer proficiency, beliefs, and readiness to integrate technology.
Methods and data

Data and measurement
The data were gathered from Finnish teachers via an online questionnaire (see Table 1 for demographic information). The survey was distributed by e-mailing the link to the survey to the principals of all primary, lower secondary and upper secondary schools in Finland. The principals further distributed the link to the teachers. The survey was conducted as a collective effort between four projects funded by the Finnish National Board of Education, and the distribution of the survey was facilitated by the Board of Education.
The contents were formulated using the instruments and results of previous large-scale international studies on the educational use of ICT (see e.g. [37] [38] [47] ) and complemented with items based on existing models, other relevant literature, and problems arising from practice. Representatives of educational practice and policy participated in the development of the questionnaire in order to ensure its relevance for practice. The questionnaire was administered in Finnish. Translated items can be found in Appendix A. 
Validity and reliability
The descriptive demographic data were analyzed in SPSS 21, and all of the model testing was conducted through partial least squares (PLS) analysis with SmartPLS 2.0 M3 [46] . We tested convergent validity with three metrics: average variance extracted (AVE), composite reliability (CR), and Cronbach's alpha (alpha). All of these values were acceptable (AVE should be greater than 0.5, CR greater than 0.7, and Cronbach's alpha above 0.8 - [20] [42]). The construct passed all of the validity and reliability tests.
Discriminant validity was first assessed by comparison of the square root of the AVE of each construct to all correlations between it and other constructs (see [20] ), where all of the square roots of the AVEs should be greater than any of the correlations between the corresponding construct and another construct [12] . Secondly, we assessed discriminant validity by confirming that all items corresponding to a specific construct had a higher loading than with any other construct. Thirdly, following Pavlou et al. [43] , we determined that no inter-correlation between constructs was more than 0.9 in the correlation matrix (see Table 2 ). All three tests indicate that the discriminant validity and reliability are acceptable.
The sample size satisfies four different criteria for lower bounds of sample size: 1) "the rule of ten" [42] [6], 2) ten times the largest number of structural paths directed at a particular construct in the inner path model [13] , 3) 150 observations for models with three or more indicators on constructs [4] , and 4) given the parameters and the effects size in this study, the sample size also satisfies the formula by Westland [56] . However, for the prediction-oriented PLS-SEM, a looser criterion can also be applied: ten times the number of indicators in the most complex construct in the model. Given the measurement model in this paper, the threshold would be 90 respondents. 
Results
The model could account for roughly 15% of variance of the perceived value of GBL and 20% of how much the respondent used GBL in their teaching. The results supported most of the hypotheses. The perceived value of GBL was a significant predictor for the use of GBL (H1). Openness towards ICT and perceived compatibility of ICT in teaching (H2a, H2b, H6a, H6b) as well as the teacher's gender were significant predictors for both of the dependent variables. Supportive organizational ICT culture (H3b) and self-efficacy (H4b) were a positively associated with actually using GBL, although no significant association to the perceived value could be established (H3a, H4a). ICT attitude and age, on the other hand, had a positive association with GBL value (H5a) but not with the use of GBL in teaching (H5b). Figure 1 depicts the results in more detail.
Discussion
Theoretical and practical contributions and implications
A certain kind of openness to new ways of working presents itself in the result that teachers who see gamebased innovations as congruent with their teachingrelated goals, beliefs, and practices are more likely to see them as valuable and to take them into use. This might be related to Law and Chow's [37] finding that teachers with a strong orientation towards broad 21st-century skills are more likely to use ICT than those who are more traditionally oriented. This also supports the finding that constructivist teaching beliefs, as opposed to traditional ones, predict the adoption of ICT in education [53] . Hence, when a teacher's pedagogical beliefs lean more towards cross -curricular and studentcentered approaches, it is plausible that games also fit his or her views and practices better.
The influence of the organizational culture was found to be a significant predictor for GBL use as well. This corresponds to previous findings where innovative teaching practices have been shown to thrive in environments with a collaborative and supportive culture [47] . Interestingly, perceived educational ICT self-efficacy was a significant predictor only for the actual use of GBL, and not for its perceived value. Its positive influence on the actual use of games supports the findings of the international SITES 2006 study on the use of ICT in education [37] . The lack of influence on perceived value could be explained by the notion that people may see technology as valuable even though they do not have the necessary skills and preparedness to use and adopt it, or vice versa. Furthermore, as Holden and Rada [26] suggest, the effect of competence may also depend on whether it refers to the teacher's perceived skills in using ICT in general or in using a specific technology -such as games. In this survey, the efficacy-related questions dealt with ICT in general, not specifically with games. From a practical standpoint, increasing teachers' ICT self-efficacy could help in the adoption of GBL technologies in schools.
While the attitude towards the use of ICTs was a significant predictor for the perceived value of GBL, it did not significantly influence the actual use of games. This may partially have to do with the diverse external factors, such as resources, that come into play in real contexts and affect the adoption or non-adoption of games in practice. Most independent variables investigated in the study can be seen as aspects that are needed in order to use technology. Attitude, however, is not a strict requirement for using technology in the same sense as, for example, ICT self-efficacy. This notion might explain the lack of influence of attitude on GBL use. Attitude was, however, a strong determinant for valuing GBL whereas strict requirements for use, such as self-efficacy, were not. Moreover, attitude only implies a general stance towards something, and in order to translate into action, it may have to be mediated through other, more proactive factors. Finally, the results on the influence of the demographic factors show that gender had a small but significant effect on both the value and the actual use of GBL. Interestingly, in contrast with previous research [11] [53] [57] , female teachers saw GBL as more valuable and also used it more. This finding seems to be aligned with findings in the gamification context [35] where also females have reported to receive more benefits . In order to delve deeper into the reasons for this result, we would have to examine the background of the teachers in more detail to see, for example, if teachers of certain subjects or grade levels had more positive views on games than others and whether the majority of the teachers of these subjects were female.
Age, on the other hand, had a significant effect only on the perceived value, not on the actual use of games. Results related to the effects of age on the use of games, or technology in general, in education have been somewhat contradictory. However, our results are in line with those in the study of Inan and Lowther [28] where the age of the teacher did not directly influence actual technology integration.
Our results suggest certain issues that warrant closer examination and might be important, for example, for planning how to train teachers and promote their interest in the pedagogical use of games. The willingness to adopt games seems to rely heavily on individual factors but, at the same time, a supportive social environment can play a significant role in providing encouragement. Thus, we could reason that personalized, one-on-one instruction and guidance from a teacher with effective experiences with GBL would be a viable method for spreading and enhancing the meaningful use of games in teaching. Especially as perceived educational ICT self-efficacy only predicted the actual use of GBL and not its perceived value, teachers who are open to the possibilities of GBL but not confident with their own skills might benefit from such approaches.
Limitations and future research
Further studies could develop more refined multilevel path models on teachers' technology adoption that could also aspire to develop more refined conceptual/theoretical models. For example, the effects of demographic factors (age and gender) might be mediated through other factors such as experience, competences, or innovativeness (e.g., [11] [28] [37] ). Furthermore, as previous research points towards primary educators generally being earlier adopters of games than secondary teachers [45] , a more finegrained analysis of potential differences between primary, lower secondary and upper secondary teachers is necessary in order to acquire a more detailed understanding of the issue.
Whereas not so much a limitation of this study, but rather a limitation of the results is that the effect sizes and path coefficient are not very large. Thus, the results hint that although statistically significant, the influences of the independent variables on the dependent variables are rather small. Therefore, clearly, there remain factors that predict teachers' technology adoption that are not measured herein.
Conclusion and contribution
In this paper we examined how various personal and organizational factors affect teachers' perceived value of GBL and their actual use of GBL in their teaching. The data were gathered from Finnish primary, lower secondary and upper secondary school teachers (N=1668) with an online survey. This study contributes to the area of technology acceptance in general as well as to the vein of literature on why people play games and adopt them. Most particularly, this study sought to make a contribution to the vein of literature on GBL adoption in schools.
In this study, we have attempted to address a gap remaining in the extant literature and build upon earlier exploratory studies (e.g. [33] ). Earlier studies on the adoption of games and GBL technologies have focused on parental acceptance of games [11] and perceptions of students on GBL [10] . Earlier studies specifically on teacher adoption and attitudes on GBL learning have presented interesting case studies on the topic that have laid good ground to build on, but have lacked large data sets [29] [32] . The only large similar study on GBL adoption is limited to secondary school teachers and to measuring only intentions to adopt GBL [9] , while some other studies have focused on virtual world technologies rather than games (e.g., [31] ). Bourgonjon et al. [9] focused on a range of rather common factors from e.g. TAM and TPB as well as some domainspecific factors. However, using usefulness (from TAM) as the only mediator between the independent variables and adoption variable prevented inferences between the factors of interest and adoption. Therefore, we opted to explore the direct effects. Moreover, as we theorized, GBL technologies hold interesting domainrelated aspects such as GBLs being perceived as a radical technology that requires strong ICT skills and open mindedness towards technology. Moreover, unlike other technologies it is believed that integrating games into traditional teaching methods poses especial hindrances. Therefore, there is also reason to believe that usefulness might not even mediate these factors but we need further explorative inquiries . Therefore, in this study rather than focusing on a set of variables stemming from a more established theory on technology acceptance and using them strictly as mediators, we opted to focus on factors that we theorized to be of especial importance and have possible more direct effects.
The results contribute the following findings to the theory on teacher adoption of GBL: 1) openness towards ICT, 2) ICT attitude and 3) the ICT compatibility with teaching positively influence the perceived value whereas 4) openness towards ICT, 5) supportive organizational ICT culture, 6) ICT selfefficacy and 7) ICT compatibility with teaching positively influence the actual use of GBL. However, the structural model could explain only little of the variance of the dependent variables indicating that these predictors might not be the most relevant factors in the adoption of GBL and that reasons for adoption should also be sought elsewhere.
